SUMMARY Conduction velocity of autonomic unmyelinated fibres has been measured in the cervical sympathetic trunk of normal rats, and in rats intoxicated by acrylamide or by isoniazid. The mean maximal conduction velocity in nerves from normal rats is 2-0 m/sec. There is no significant reduction in velocity of the unmyelinated fibres in nerves from intoxicated rats, although histological studies of the sural nerve confirmed severe degeneration of myelinated fibres in the same animals. It is shown that the amplitude of the compound nerve action potential is proportional to the resistance between the recording electrodes. If this is taken into account, there is no reduction in the amplitude of the monophasic action potential of unmyelinated fibres recorded from the cervical sympathetic trunk of intoxicated rats. The amplitude of the A component of the sural nerve compound action potential is markedly reduced in rats intoxicated by acrylamide or by isoniazid, but there is no significant reduction in the amplitude of the C component in the same nerve. It is concluded that in the rat an insignificant number of unmyelinated fibres of autonomic or dcrsal root origin are affected in the neuropathy produced by acrylamide or isoniazid. The relevance of these findings to human neuropathies is discussed.
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In the last 10 years there have been a number of reports about the changes in conduction velocity in various experimental neuropathies (for references see Gilliatt, 1969) . Information has been obtained from these studies which is probably applicable to the naturally occurring neuropathies of man. These reports refer only to changes in conduction in myelinated fibres.
Recent studies by Buchthal (1971) have shown that it is possible in special circumstances to record unmyelinated (C) fibre compound action potentials in vivo in man. Moreover, the work of Dyck and Lambert (1966) has shown that useful information can be obtained by recording in vitro from excised human sural nerves. In this situation, C fibre action potentials can be easily recorded from the normal sural nerve, and their absence has been correlated with absence of unmyelinated fibres on electron microscopy in certain neuropathies (Dyck and Lambert, 1969) .
There are about three and a half times as many unmyelinated fibres as myelinated in the human sural nerve (Ochoa and Mair, 1969a) and probably approximately the same proportion in other cutaneous nerves. Information is therefore required about changes in unmyelinated fibres in peripheral neuropathies.
Acrylamide and isoniazid both produce peripheral neuropathy in man (Fullerton, 1969; Jones and Jones, 1953) . Both damage myelinated fibres severely. Ultrastructural changes have been reported in unmyelinated fibres in isoniazid neuropathy in man (Ochoa, 1970) and in the rat (Schroder, 1970) .
The present paper reports observations on conduction in unmyelinated fibres in rats, in which a severe peripheral neuropathy was induced by either acrylamide or isoniazid.
METHODS
Sprague-Dawley rats aged 6 months were fed a commercial diet, with which had been mechanically mixed either acrylamide 0 3 g/kg (300 p.p.m. approximate intake 15 mg/kg/day), or isoniazid 3 g/kg (3,000 p.p.m.-approximate intake 150 mg/ kg/day). These are doses similar to those employed by Fullerton and Barnes (1966) and Cavanagh (1967) in their observations on myelinated fibres of rats intoxicated by these substances.
Conduction velocity of autonomic unmyelinated fibres was measured in the right cervical sympathetic trunk in vitro at 37°C, using the length from the subclavian artery to the superior cervical ganglion. Foley and Dubois (1940) and Dyck and Hopkins (1972) have shown that this nerve is almost totally unmyelinated, so that no confusion can arise from slowed conduction in damaged myelinated fibres. The sympathetic trunk was stimulated supramaximally by shocks of 10 to 100 V and of 0-2 msec duration. Action potentials were recorded from pairs of freshly chlorided fine silver electrodes approximately 4, 8, and 12 mm distal to the stimulating cathode, the exact distance being measured with a microscope and measuring eyepiece. The action potential recorded at 12 mm was monophasic, as the second of this pair of electrodes lay in 1% procaine.
Details of the construction of the chamber, and of the precautions taken to prevent procaine diffusing down the nerve are reported elsewhere (Hopkins and Lambert, 1972) .
Observations were also made on the left sural nerve of the rats, using the length from knee to 4 mm above the os calcis. The great majority of unmyelinated fibres in this nerve are of dorsal root origin. No attempt was made to measure velocity of conduction in this nerve, but attention was directed to the amplitude of the A and C components of the compound action potential. The sural nerve was stimulated at a point corresponding to 20 mm above the os calcis, and a monophasic action potential was recorded 12 mm distal to this.
Action potentials were recorded on photographic film using conventional recording equipment, the half amplitude frequency response being set at 0-1 and 10,000 Hz for A potentials, and at 0-1 and 2,000 Hz for C potentials. Twenty-five faint traces of the latter were superimposed on the film for ease of measurement of the inflexion of the response, which was used for calculation of the velocity of the cervical sympathetic fibres.
The amplitude of the monophasic action potential is dependent on the shunting resistance between the recording electrodes, as well as on the number of active fibres contributing to the potential. As this shunting resistance is dependent on the thickness of the nerve, the extent to which it is cleaned, and the quantity of Tyrode's solution clinging to the nerve, it is necessary to monitor the inter-electrode resistance after recording each potential. The voltage drop across these electrodes, using a pulse derived from a constant current source, was compared with the voltage drop across a standard resistor in series with the electrode, and hence the inter-electrode resistance was calculated.
RESULTS
. THE CLINICAL ILLNESS a. ACRYLAMIDE Weakness of the hind-limbs was first noted at four weeks. At eight weeks, there was marked weakness of the hind-limbs which were dragged passively along the floor. There was also some weakness of the fore-limbs, and the tail was flaccid, although some movement was still observed. Even though acrylamide was continued for up to a further 18 weeks, no major change in this pattern of weakness was observed, although a number of rats died. b. ISONIAZID Clinical signs were much less apparent in these animals. The only sign noted after administration for as long as 28 weeks was a tendency for the hind-feet to evert while running. The animals could, however, still stand on their hind-legs to sniff around, though they tended to fall over.
HISTOLOGICAL OBSERVATIONS
Longitudinal sections and teasing of the right sural nerve at necropsy confirmed severe degeneration of myelinated fibres in both groups of rats.
3. ELECTROPHYSIOLOGICAL OBSERVATIONS a. CERVICAL SYMPATHETIC TRUNK Measurements of conduction velocity in normal rats aged 10 months and intoxicated rats are shown in Table 1 . There is no significant slowing of conduction in the intoxicated rats. Fig. 4 of the A component has been plotted against the inter-electrode resistance, the symbols indicating the same groups of animals as in Fig. 2 Measurements of velocity of myelinated or unmyelinated fibres were not attempted in the sural nerve. However, Table 2 shows the mean latencies of inflexion of A and C components of the compound nerve action potential recorded 12-1 to 12-3 mm distal to the stimulating cathode. For these records twice the stimulus necessary to evoke a maximal response was used, and potentials were recorded at high amplification using a fast sweep speed. The latency of inflexion of the A component recorded from sural nerves of acrylamide intoxicated rats was more than FIG. twice that from normal rats, or from rats intoxicated by isoniazid. There was no significant difference in the latencies of inflexion of the C component.
DISCUSSION
The present study has shown that neither acrylamide nor isoniazid has a detectable effect on conduction velocity of autonomic unmyelinated fibres, or on the amplitude of the unmyelinated fibre compound action potential recorded from the cervical sympathetic trunk, or from the sural nerve. There is no doubt that the myelinated fibres were severely affected as shown by histological examination of the sural nerves, and the marked reduction in amplitude of the A component of the sural nerve action potential.
a. ACRYLAMIDE Measurements of diameters of fibres of acrylamide-intoxicated rats and baboons and electrophysiological observations on these animals have shown that acrylamide causes degeneration of fibres of larger diameter and rapid conduction (Fullerton and Barnes, 1966; Hopkins, 1970; Hopkins and Gilliatt, 1971) . In the present study the increased latency of the A component of the sural nerve action potential is in accord with this. However, if acrylamide is continued, there is no doubt that degeneration of small myelinated fibres takes place as well. The low amplitudes of myelinated fibre action potentials shown in Fig. 4 indicate that very few myelinated fibres remain. It is surprising that unmyelinated fibres are so totally preserved; since this study was begun this feature has been confirmed by electron microscopic studies on the nerves of acrylamide intoxicated cats (Prineas, 1969) . This phenomenon suggests that neuronal metabolism of unmyelinated fibres may be quite different in some respects from that of even small myelinated fibres. It would be interesting to know if acrylamide interferes with axonal transport of tritiated thymidine in unmyelinated fibres, as Pleasure, Mishler and Engel (1970) have shown to occur in myelinated fibres. As acrylamide causes a 'dying-back' neuropathy (Fullerton and Barnes, 1966; Hopkins, 1970) , it might be argued that recordings have not been made at axonal sites sufficiently remote from the neurone. However, the sympathetic b. ISONIAZID Isoniazid neuropathy in rats has been studied by a number of authors, notably Hagen (1964a, b, c), Cavanagh (1967) , and Schroder (1970) .
The relative absence of functional disturbance in isoniazid intoxicated rats has been noted by others (for example, Cavanagh, 1967) Ochoa (1970) adduces indirect evidence for this during the course of isoniazid intoxication in man. He found an excess of axons devoid of myelin of around 0-6 ,u diameter, which are probably regenerating. However, in two of his five cases, isoniazid has been stopped for many months. A population of fine regenerating fibres would be expected to alter the shape of the compound action potential and there is no evidence of this in the present study.
The present study shows the necessity of measuring the interelectrode resistance if measurements of action potential amplitude are to be meaningful estimates of numbers of fibres contributing to the potential. One of us (E.H.L.) has found that the action potential amplitude recorded from whole human sural nerve biopsies does not differ significantly from the amplitude recorded from fascicular biopsies. Table 3 shows such an example. Presumably the greater conductance of the thicker nerve between the recording electrodes compensates for the larger number of active fibres. Consequently, it appears that a reduction of numbers of fibres in pathological states may be overlooked unless interelectrode resistance, and the diameter of the fascicle or nerve under study, is taken into account. The experiments reported in this paper suggest that neither acrylamide nor isoniazid affects significant numbers of unmyelinated fibres, at least with the dosage schedule and the species studied. If one adds to this observation the brief sentence of Eliasson (1964) that the C action potential did not appear to be altered in the vagus nerve of diabetic rats, and the observations of normal C action potentials in the sural nerves of cases of peroneal muscular atrophy, acute infective polyneuritis and Friedreich's ataxia (Dyck and Lambert, 1966; Lambert, unpublished observations) , the present evidence suggests that unmyelinated fibres must seldom be affected in significant numbers in peripheral neuropathies.
However, there is little doubt that sudomotor failure in diabetes is due to a failure of visceral efferents (Bariany and Cooper, 1956) . Amyloid neuropathy (Dyck and Lambert, 1969) and the Riley-Day syndrome (Aguayo, Nair, and Bray, 1971 ) are the known exceptions in which the predominant disorder seems to lie in the unmyelinated fibres.
